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KXPDQFRPSXWHULQWHUDFWLRQ7KHGLIILFXOWLHVRI)5OLHLQWKHLQKHUHQWYDULDELOLW\DULVLQJIURPIDFHFKDUDFWHULVWLFV
JHRPHWU\LPDJHTXDOLW\ LPDJHFRQWHQWDQGH[SRVXUHWLPHPDNLQJWKHSURFHVVFRQYROXWHG 7KLVQHFHVVLWDWHVWKH
GHYHORSPHQWRIDUREXVW)5V\VWHP7KHHQWLUHSURFHVVRI)5FDQEHVSOLWLQWRWKUHHVWDJHVQDPHO\SUHSURFHVVLQJ
)HDWXUH ([WUDFWLRQ )( DQG )HDWXUH 6HOHFWLRQ )( LV D YHU\ VLJQLILFDQW SKDVH VLQFH D JRRG )HDWXUH ([WUDFWRU LV
FODLPHGWRVHOHFWIHDWXUHVZKLFKDUHQRWVHQVLWLYHWRRFFOXVLRQEDFNJURXQGLOOXPLQDWLRQDQGSRVHYDULDWLRQV7KXV
NHHSLQJLQPLQGDQHQKDQFHGDQGGLYHUVLILHG)5V\VWHPWKHSDSHUSURSRVHVDXQLTXHFRPELQDWLRQRI$QLVRWURSLF
'LIIXVLRQ EDVHG 3UH3URFHVVLQJ DQG ' *DERU ILOWHU EDVHG )HDWXUH ([WUDFWLRQ )LJ  VKRZV WKH JHQHUDO EORFN
GLDJUDPRIWKHSURSRVHG)DFH5HFRJQLWLRQV\VWHP
7KH UHVW RI WKH SDSHU LV RUJDQL]HG DV IROORZV 6HFWLRQ  GHDOV ZLWK WKH SUREOHP GHILQLWLRQ DQG SURSRVHG
FRQWULEXWLRQV6HFWLRQ H[SODLQV WKH IXQGDPHQWDO FRQFHSWV XVHG LQ WKH SDSHU 6HFWLRQ  IRFXVHV RQ WKH SURSRVHG
WHFKQLTXHVLQGHWDLOZKLOH6HFWLRQJLYHVDQDQDO\VLVRIWKHH[SHULPHQWDOUHVXOWVREWDLQHGIRUYDULRXVGDWDEDVHVDQG
6HFWLRQGUDZVFRQFOXVLRQIURPWKHSURSRVHGPHWKRGRORJLHVDQGEULHIVDERXWWKHIXWXUHZRUNVUHTXLUHG

3UREOHP'HILQLWLRQDQG&RQWULEXWLRQV

7KHEDVLF3UREOHP'HILQLWLRQLVWRUHFRJQL]HWKHLPDJHRIDSHUVRQIURPDVHWRIWHVWLQJLPDJHVXVLQJDVWRUHGVHW
RIGDWDEDVH,PDJHGHJUDGDWLRQDIIHFWVWKHSURFHVVRI)HDWXUH([WUDFWLRQDQG6HOHFWLRQ7KXVLPDJHGHQRLVLQJKDV
WREHFDUULHGRXWZKLFKUHTXLUHVWKHSURPLQHQWIHDWXUHVLQDQLPDJHVXFKDVHGJHVWREHSUHVHUYHGDQGUHVWRUHG
2QFHWKHHGJHVDUHSUHVHUYHGLWLVYHU\LPSRUWDQWWRGHWHFWWKRVHVLJQLILFDQWHGJHVVLQFHHGJHVFRQWULEXWHDFUXFLDO
SRUWLRQRI)HDWXUH([WUDFWLRQ7KHSDSHUSURSRVHVWKHIROORZLQJWZRWHFKQLTXHVIRUHQKDQFHG)DFH5HFRJQLWLRQ

x Anisotropic Diffusion based Pre-Processing: &RQYHQWLRQDOILOWHUVKDYHWKHGHPHULWWKDW LQWKHSURFHVVRI 
ILOWHULQJWKH\EOXUWKHHGJHV7KLVLVVXHLVRYHUFRPHE\$'ZKLFKFDQVLPXOWDQHRXVO\UHPRYHQRLVH
SUHVHUYHHGJHVDQGDOVRHQKDQFHWKHPWKXVLPSURYLQJWKH5HFRJQLWLRQ5DWH55RIWKHV\VWHP

x Gabor filter based Feature Extraction:7KHSDSHUDWWHPSWVIRUDQDFFXUDWH)HDWXUH([WUDFWLRQE\WKHXVHRI
'*DERUILOWHULQRUGHUWRRYHUFRPHWKHORFDOGLVWRUWLRQVFDXVHGE\WKHYDULDQFHRILOOXPLQDWLRQSRVHDQG
H[SUHVVLRQ7KHUHOHYDQWIUHTXHQF\VSHFWUXPLQDOOGLUHFWLRQVLVFDSWXUHGLQRUGHUWRH[WUDFWIHDWXUHVDOLJQHG
DWVSHFLILHGDQJOHVE\*DERUILOWHULQJ
)XQGDPHQWDO&RQFHSWV
,WLVYHU\LPSRUWDQWWRNQRZWKHIXQGDPHQWDOFRQFHSWVEHKLQGWKHSURFHVVRI)5IRUWKHHIIHFWLYHZRUNLQJRIWKH
SURSRVHG WHFKQLTXHV 6RPH RI WKH IXQGDPHQWDO FRQFHSWV GLVFXVVHG DUH ,PDJH SUHSURFHVVLQJ FRQFHSWV )( XVLQJ
':7IRUFDSWXULQJRQO\WKHKLJKO\LQIRUPDWLYHUHJLRQLQDQLPDJH)(XVLQJ'&7IRUHQHUJ\FRPSDFWLRQLQWKH
LPDJHDQG)HDWXUH6HOHFWLRQXVLQJ%362IRUWKHRSWLPL]DWLRQRIWKHH[WUDFWHGIHDWXUHV
)LJD2ULJLQDOLPDJHDQGLWVIOLSSHG
LPDJH% IOLSOU$E2ULJLQDOLPDJHDQG
LWVFRUUHVSRQGLQJ:LHQHUILOWHUHGLPDJH
% ZLHQHU$>PQ@QRLVHF2ULJLQDO
LPDJHDQG*DXVVLDQILOWHUHGLPDJH
% IVSHFLDOJDXVVLDQG2ULJLQDOLPDJH
DQG*DPPDLQWHQVLW\FRUUHFWHGLPDJH% 
$JDPPD)LJ%ORFNGLDJUDPGHSLFWLQJWKHSURSRVHG)DFH5HFRJQLWLRQ6\VWHP
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3.1. Image pre-processing 
     $VDEDVLFSUHSURFHVVLQJVWHSWKHLPDJHLVIOLSSHG,QWKHSURFHVVWKHPDWUL[UHSUHVHQWLQJWKHLPDJHLVIOLSSHG
OHIWULJKW DERXW YHUWLFDO D[LV ':LHQHU ILOWHU LV DQ DGDSWLYH QRLVH UHPRYDO ILOWHU ZKLFK LV XVHG DV DQRWKHU SUH
SURFHVVLQJVWHS ,WSHUIRUPV ORZSDVVILOWHULQJRIDJUD\VFDOH LPDJHZKLFKKDVEHHQGHJUDGHGE\FRQVWDQWSRZHU
DGGLWLYHQRLVH$'*DXVVLDQILOWHUEDVLFDOO\EOXUVDQLPDJHDORQJZLWKUHPRYLQJQRLVH,WVHUYHVDVDVPRRWKLQJ
RSHUDWRU$*DXVVLDQILOWHULVDORZSDVVILOWHUZLWKPLQLPXPWLPHEDQGZLGWKSURGXFW*DPPD,QWHQVLW\&RUUHFWLRQ
*,&HQKDQFHVWKHORFDOG\QDPLFUDQJHRIWKHLPDJHLQGDUNRUVKDGRZHGUHJLRQVZKLOHFRPSUHVVLQJLWLQWKHEULJKW
UHJLRQV DQG LV GHWHUPLQHGE\ WKH YDOXHRI Ȗ  7KHRULJLQDO LPDJHV DQG WKH FRUUHVSRQGLQJSUHSURFHVVHG LPDJHV
XVLQJ WKH GHVFULEHG WHFKQLTXHV DORQJZLWK WKH FRUUHVSRQGLQJPDWKHPDWLFDO H[SUHVVLRQV IRU HDFK RI WKH SURFHVVHV
ZLWK$DVWKHLQSXWLPDJHDQG%DVWKHRXWSXWLPDJHLQJHQHUDODUHVKRZQLQ)LJ
3.2. Transform domain Feature Extraction 
3.2.1. Using DWT 
 
'LVFUHWH :DYHOHW 7UDQVIRUP ':7 SURYLGHV D PXOWLUHVROXWLRQ )( DOJRULWKP SRSXODUO\ XVHG IRU )5   ,W
GHFRPSRVHVWKHLPDJHLQWRVHYHUDOOD\HUVRUZDYHOHWVDQGH[WUDFWVIHDWXUHVIURPWKHVSDWLDOGDWDUHVLGLQJLQKLJKO\
LQIRUPDWLYHIDFLDOEDQGV7KLVDSSURDFKUHGXFHVWKHIHDWXUHVL]HDQGGLPHQVLRQV$OVR'':7SRVVHVVHVDEHWWHU
IUHTXHQF\ ORFDOL]DWLRQ   7KLV OHWV WKH LVRODWLRQ RI IUHTXHQF\ FRPSRQHQWV LQWURGXFHG E\ RFFOXVLRQ EDFNJURXQG
LOOXPLQDWLRQDQGSRVHYDULDWLRQV7KHDSSUR[LPDWHZDYHOHWFRHIILFLHQWVDUHKLJKVFDOHORZIUHTXHQF\FRPSRQHQWV
RIWKHVLJQDOZKHUHDVWKHGHWDLOZDYHOHWFRHIILFLHQWVDUHORZVFDOHKLJKIUHTXHQF\FRPSRQHQWV%\PDNLQJXVHRI
WKHKLJKIUHTXHQF\FRPSRQHQWVLPSRUWDQFHLVJLYHQWRWKHHGJHGHWDLOV)LJVKRZVWKHSURFHVVRI':7ZDYHOHW
GHFRPSRVLWLRQE\DSSO\LQJGLIIHUHQW ILOWHUV ,WFDQEHVHHQ WKDW WKHGHFRPSRVHG LPDJH LVRQHIRUWKRI WKHRULJLQDO
LPDJH VL]H 7KH GHFRPSRVHG LPDJHV DUH QDPHG DV // /++/ DQG++ZKLFK DUH UHSUHVHQWHG LQ )LJ  // LV
REWDLQHGE\DSSO\LQJ/RZSDVVILOWHULQERWKKRUL]RQWDODQGYHUWLFDOGLUHFWLRQ,WUHWDLQVPRVWRIWKHLPDJHGHWDLOV

3.2.2. Using DCT 
 
'LVFUHWH&RVLQH7UDQVIRUP'&7LVFKDUDFWHUL]HGE\'DWD&RPSUHVVLRQ''&7LVDSSOLHGWRREWDLQWKHORZ
IUHTXHQF\ DSSUR[LPDWLRQ RI WKH LPDJH REWDLQHG IURP ':7 7KH '&7 RI DQ LPDJH FRQYHUWV LW LQWR D OLQHDU
FRPELQDWLRQRIEDVLVIXQFWLRQVZKLFKDUHQRWKLQJEXWWKHGLIIHUHQWIUHTXHQF\FRPSRQHQWVRIWKHLQSXWLPDJH)LJ
UHSUHVHQWVWKH'&7FRHIILFLHQWVEDVLVIXQFWLRQVIRUDQLQSXWLPDJHGLYLGHGLQWRîEORFNV7KH'&7RIDQ1î0
LPDJHI[\LVJLYHQE\(T
@FRV>@FRV>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
)LJ3URFHVVRI':7'HFRPSRVLWLRQ
)LJ'HFRPSRVHG':7LPDJHVZKHUH///++/DQG++
UHSUHVHQW,QVHQVLWLYH([SUHVVLRQ3RVHDQG6WUXFWXUHIHDWXUHV
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
ZKHUHI[\LVWKHLQWHQVLW\RIWKHSL[HOLQURZ[DQGFROXPQ\X 1DQGY 00RVWRIWKH
HQHUJ\LVFRQFHQWUDWHGLQORZIUHTXHQFLHVWKDWLVLQWKHXSSHUOHIWFRUQHURIWKH'&7DUUD\DQGWKHKLJKIUHTXHQFLHV
DUHORFDWHGLQWKHORZHUULJKWFRUQHUDVVKRZQE\)LJ7KXV'&7LVDSRZHUIXOWRROWKDWLVFDSDEOHRIFRQVLGHULQJ
RQO\WKHUHOHYDQWIHDWXUHVLQWKHDUUD\RIEDVLVIXQFWLRQV
3.3. Feature Selection using BPSO 
,QWURGXFHGE\(EHUKDUWDQG.HQQHG\3DUWLFOH6ZDUP2SWLPL]DWLRQ362LVDUREXVWVWRFKDVWLFWHFKQLTXH
EDVHGRQWKHLGHDRIFROODERUDWLYHEHKDYLRUDQGVZDUPLQJLQELRORJLFDOSRSXODWLRQVLQVSLUHGE\WKHVRFLDOEHKDYLRU
RIELUGIORFNLQJRU ILVKVFKRROLQJ(DFKSDUWLFOHNHHSV WUDFNRI LWVFRRUGLQDWHV LQ WKHVROXWLRQVSDFHE\GHILQLQJD
ILWQHVV IXQFWLRQZKLFK LV DVVRFLDWHGZLWK WKHEHVW VROXWLRQ ILWQHVV WKDWZDVDFKLHYHG VR IDUE\ WKDWSDUWLFOH7KH
SURFHVV LV LWHUDWHG XQWLO DQ RSWLPDO VROXWLRQ ZLWK PLQLPXP HUURU LV REWDLQHG 7KH SRVLWLRQ RI WKH LWK SDUWLFOH LV
UHSUHVHQWHGDV;L [[ [L'7KHYHORFLW\RIDSDUWLFOHLVUHSUHVHQWHGDV9L YY YL'$IWHUILQGLQJWKH
WZREHVWYDOXHVWKHSDUWLFOHVHYROYHE\XSGDWLQJYHORFLWLHVDQGSRVLWLRQVDFFRUGLQJWR(T

  tibesttiibesttiti XgrandcXPrandcVV   Z    


ZKHUHL 1DQG1LVWKHVL]HRIWKHVZDUPSLEHVWLVWKHSDUWLFOHEHVWUHDFKHGVROXWLRQDQGJEHVWLVWKHJOREDO
EHVWVROXWLRQLQWKHVZDUPFDQGFDUHFRJQLWLYHDQGVRFLDOSDUDPHWHUVWKDWDUHERXQGHGEHWZHHQDQGUDQG
DQGUDQGDUH WZRUDQGRPQXPEHUVZLWKXQLIRUPGLVWULEXWLRQ89PD[9LW9PD[7KH LQHUWLDZHLJKWȦ
FRQWUROVWKHEDODQFHRIWKHVHDUFKDOJRULWKPEHWZHHQH[SORUDWLRQDQGH[SORLWDWLRQ

3.3.1. Binary PSO and Feature Selection 
 
  (EHUKDUWDQG.HQQHG\IXUWKHULQWURGXFHGDELQDU\YHUVLRQRI3627KHPDMRUGLIIHUHQFHEHWZHHQELQDU\362ZLWK
UHDOYDOXHG YHUVLRQ LV WKDW YHORFLWLHV RI WKH SDUWLFOHV DUH UDWKHU GHILQHG LQ WHUPV RI SUREDELOLWLHV WKDW D ELW ZLOO
FKDQJHWRRQH$VDUHVXOWYHORFLW\LVUHVWULFWHGZLWKLQWKHUDQJH>@%362UHGXFHVWKHQXPEHURIIHDWXUHVWR
DSSUR[LPDWHO\ KDOI WKHUHE\ UHGXFLQJ WKH FRPSXWDWLRQDO FRPSOH[LW\ 7KH SDUWLFOH YHORFLW\ IXQFWLRQ LV XVHG DV WKH
SUREDELOLW\GLVWULEXWLRQ IRU WKHSRVLWLRQ HTXDWLRQ DQG LVJLYHQE\ H[S 
 tiVrand    WKHQ;LW 
HOVH;LW 
3URSRVHG7HFKQLTXHV
7KH3URSRVHGWHFKQLTXHVQDPHO\$'DQG*DERUILOWHULQJDUHWKHPDLQFRQWULEXWRUVIRUHIIHFWLYHSUHSURFHVVLQJ
DQG)HDWXUH([WUDFWLRQUHVSHFWLYHO\ZKLFKDUHGLVFXVVHGLQGHWDLOLQWKHIROORZLQJVXEVHFWLRQV

)LJ'HSLFWLQJ'&7%DVLVIXQFWLRQVZLWK1 1HXWUDO
JUD\UHSUHVHQWV]HURZKLWHUHSUHVHQWVSRVLWLYHDPSOLWXGHV
DQGEODFNUHSUHVHQWVQHJDWLYHDPSOLWXGH
)LJD2ULJLQDOLPDJHE,PDJHGHSLFWLQJ'&7FRHIILFLHQWVFVXUIRIE
   ti
t
i
t
i VXX
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4.1. Anisotropic diffusion based Pre-Processing 
,Q ,PDJH 3URFHVVLQJ WKH FRQFHSW RI $' LV DOVR FDOOHG 3HURQD0DOLN GLIIXVLRQ ,W LV D SURFHVV RI VXFFHVVLYH
GLIIXVLRQ EDVHG RQPRUH DQGPRUH EOXUULQJ RI LPDJHV LQ D VFDOH VSDFH ,W LV EDVHG RQ WKH DSSUR[LPDWLRQ RI DQ
LPSXOVHUHVSRQVHFORVHWRHGJHVDQGRWKHULPSRUWDQWVWUXFWXUHVWREHSUHVHUYHGLQDQLPDJH$PRUHJHQHUDO
 
 
 
 
 
 
SDUDPHWHUL]HG YHUVLRQ RI WKH DERYH GHILQHG SURFHVV REWDLQHG E\ DSSO\LQJ $' HTXDWLRQ UHVXOWV LQ WKH VSDFH
YDULDQW ILOWHUVEHLQJDQLVRWURSLFFORVH WR OLQHVDQGHGJHV7KXV WKH UHVXOWLQJ LPDJHVSUHVHUYH WKH OLQHVHGJHVDQG
RWKHU LPSRUWDQW SURSHUWLHV DOVR OHDGLQJ WR VPRRWKLQJ 7KH DWWULEXWHV RI $' DUH WKH DQLVRWURSLF VPRRWKLQJ DQG
LWHUDWLYHGLIIXVLRQIRUWKHSURFHVVLQJRIHDFKLPDJHSL[HO7KHEDVLFHTXDWLRQRI$'LVJLYHQE\(T

@> tyxItyxIGgdivttyx a u ww 

ZKHUHWLVWKHWLPHSDUDPHWHU,[\LVWKHRULJLQDOLPDJH  tyxI LVWKHJUDGLHQWYHUVLRQRIWKHLPDJHDW
WLPHWWKHWHUP eG DFRXQWVIRUFRPSOHWHGHQRLVLQJRIWKHLPDJHVDQGJLVFDOHGWKHFRQGXFWLRQIXQFWLRQ7KLV
IXQFWLRQ LV FKRVHQ WR VDWLVI\ OLP   o xgx VR WKDW GLIIXVLRQ LV PD[LPDO ZLWKLQ XQLIRUP UHJLRQV DQG
OLP  fo xgx VRWKDWWKHGLIIXVLRQLVVWRSSHGDFURVVHGJHV7ZRVXFKIXQFWLRQVSURSRVHGE\3HURQDDQG0DOLN
ZHUH

[.[J[.H[S[J    
ZKHUH.LVWKHJUDGLHQWPDJQLWXGHWKUHVKROGSDUDPHWHUWKDWFRQWUROVWKHUDWHRIGLIIXVLRQWKDWLVFRQGXFWLRQDVD
IXQFWLRQRIJUDGLHQW$VPDOOYDOXHRI.EORFNVFRQGXFWLRQDQGKHQFHGLIIXVLRQDFURVV VWHSHGJHV$ ODUJHYDOXH
UHGXFHV WKH LQIOXHQFH RI LQWHQVLW\ JUDGLHQW RU FRQGXFWLRQ &RQGXFWLRQ IXQFWLRQ J LVPRUH IDYRUHG WRZDUGV KLJK
FRQWUDVWHGJHVWKDQORZFRQWUDVWRQHV2QWKHRWKHUKDQGJIDYRUVZLGHUHJLRQVRYHUVPDOORQHVJDQGJDUHFDOOHG
WKH3HURQ0DOLNIXQFWLRQV7KH$'HTXDWLRQLQGLVFUHWHIRUPLVJLYHQE\

SVSVSH Ș NVWW ,,JȘȜV,V,  ¦  
ZKHUH , LV GLVFUHWHO\ VDPSOHG LPDJH V LV SL[HO SRVLWLRQ DQG W UHSUHVHQWV WKH WWK  LWHUDWLRQ . LV WKH JUDGLHQW
WKUHVKROG SDUDPHWHU Ȝ OLHV EHWZHHQ  @ DQG LV XVXDOO\ FKRVHQ DV  IRU VWDELOLW\ ,W GHWHUPLQHV WKH UDWH RI
GLIIXVLRQ eK  UHSUHVHQWV WKH 1RUWK 6RXWK (DVW DQG :HVW QHLJKERUV RI D SL[HO  7KDW LV
`^   ge WESN KK H[FHSWDW WKHERUGHUV7KHV\PERO ZKLFKLQ WKHFRQWLQXRXVIRUPLVXVHGIRU WKH
JUDGLHQWRSHUDWRUQRZUHSUHVHQWVDVFDODUGHILQHGDVWKHGLIIHUHQFHEHWZHHQQHLJKERULQJSL[HOVLQHDFKGLUHFWLRQDV
LQ(T7KHVHOHFWLRQRISDUDPHWHUVIRU$'DVVKRZQLQ)LJDDQGEIROORZVD*DXVVLDQVKDSH7KHRSWLPXP55
LVREWDLQHGDW1RRILWHUDWLRQVEHLQJDQGFRQGXFWLRQFRHIILFLHQW
`^ WESNpsIpII ettnt    K 
)LJ3DUDPHWHUVHOHFWLRQIRU$'D0D[55IRULWHUDWLRQVE0D[55DWFRQGXFWLRQFRHIILFLHQW F1RUWK6RXWK(DVWDQG:HVW
QHLJKERXUVRIDSL[HOGXULQJ$'
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7KHVHQHLJKERULQJSL[HOVDUHLQGLFDWHGLQ)LJF6LQFH$'LV DQLWHUDWLYHSURFHVVLWLVYHU\PDQGDWRU\WRGHILQH
WKHVWRSSLQJFRQGLWLRQHOVHRYHUHVWLPDWLQJPD\OHDGWREOXUULQJRIHGJHVWKDWDUHVXSSRVHGWREHSUHVHUYHG2QWKH
RWKHUKDQGLI$'LVFDUULHGRXWIRUOHVVQXPEHURILWHUDWLRQV LWPD\OHDGWRQRQXQLIRUPGLIIXVLRQRIWKHZLGHDUHDV
DQGPD\JHWGHQRLVHGFRPSOHWHO\)LJGHSLFWV$QLVRWURSLFDOO\GLIIXVHGLPDJHVDWGLIIHUHQWQXPEHURILWHUDWLRQV
$QLVRWURSLFDOO\GLIIXVHG LPDJHRI DSHUVRQ DW GLIIHUHQW DQJOHV RI URWDWLRQV LV VKRZQ LQ)LJ ZKLFKGHSLFWV WKH
LPSRUWDQW IHDWXUHV LQ D IDFH OLNH H\HV QRVH PRXWK DQG HGJHV EHLQJ SUHVHUYHG 7KH HQWLUH SURFHVV RI $' LV
UHSUHVHQWHGE\WKHIORZFKDUWLQ)LJ
)LJD2ULJLQDOLPDJHEFDQGGDUHWKH$QLVRWURSLFDOO\)LJ)LJXUHGHSLFWLQJWKH RULJLQDOLPDJHDQGLWV
GLIIXVHGLPDJHVDIWHUDQGLWHUDWLRQVUHVSHFWLYHO\ FRUUHVSRQGLQJ*DERUILOWHUHGLPDJH
D
E
F
G
 
)LJ)ORZFKDUWLQGLFDWLQJWKHSURFHVVRI$')LJ3UHSURFHVVLQJEORFNIRUD25/E&RORU)(5(7F&URSSHG<DOH%G)(,
GDWDEDVHV
D E F
 )LJ$YHUDJH55YV1XPEHURIWUDLQLQJLPDJHVIRUD25/E&RORU)(5(7F&URSSHG<DOH%
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4.2. Gabor filter based Feature Extraction 
,Q ,PDJH 3URFHVVLQJ DQG &RPSXWHU 9LVLRQ *DERU ILOWHU LV D OLQHDU ILOWHU XVHG IRU HGJH GHWHFWLRQ QDPHG DIWHU
'HQQLV*DERU7KH\DUHIRXQGWRUHQGHUGLVWRUWLRQWROHUDQFHVSDFHIRU)5DORQJZLWKRSWLPDOUHVROXWLRQLQVSDWLDO
DQGIUHTXHQF\GRPDLQ7KH*DERUILOWHUHGLPDJHVDUHFDSDEOHRIFDSWXULQJUHOHYDQWIUHTXHQF\VSHFWUXPLQRUGHU
WRH[WUDFWIHDWXUHVDOLJQHGDWVSHFLILHGRULHQWDWLRQVWRUHFRJQL]HD5HJLRQRI,QWHUHVW7KH\DUHFDSDEOHRI)(VLQFH
WKH\ VHUYH DV H[FHOOHQW%DQG3DVV ILOWHUV7KH'*DERU ILOWHU FDQEH UHSUHVHQWHG DV D FRPSOH[ VLQXVRLGDO VLJQDO
PRGXODWHGE\D*DXVVLDQNHUQHOIXQFWLRQDVJLYHQLQ(T
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IUHTXHQF\RIWKHVLQXVRLGDOSODQHZDYHDQGșWKHRULHQWDWLRQ7KHURWDWLRQRIWKH[\SODQHE\DQDQJOHșZLOOUHVXOW
LQD*DERUILOWHUDWWKHRULHQWDWLRQș7KHDQJOHșLVGHILQHGE\ 
pnnpn    ST  
np  ZKHUH p GHQRWHVWKHQXPEHURIRULHQWDWLRQV/HWI[\EHWKHLQWHQVLW\DWWKHFRRUGLQDWH[\LQDJUD\
VFDOHIDFHLPDJHLWVFRQYROXWLRQZLWKD*DERUILOWHULQRUGHUWRH[WUDFWIHDWXUHVDFFXUDWHO\LVGHILQHGDV

     

7KH)LJLOOXVWUDWHVWKHFRQYROXWLRQUHVXOWRIDIDFHLPDJHZLWKD*DERUILOWHU7DEOHVKRZVWKHVLJQLILFDQFHRI
$'DQG*DERUILOWHURQ&RORU)(5(7GDWDEDVH
([SHULPHQWDOUHVXOWVDQGGLVFXVVLRQV
7KH SUHSURFHVVLQJ WHFKQLTXHV DSSOLHG YDU\ IURP HDFK GDWDEDVH VLQFH WKH FKDUDFWHULVWLFV RI LPDJH LQ HDFK
GDWDEDVHLVGLIIHUHQWZKLOHVRPHDUHSRVHYDULDQWRWKHUVDUHLOOXPLQDWLRQYDULDQW7KHVHYDULDWLRQVDUHFRPEDWHGE\
DSSO\LQJWKHUHVSHFWLYHDQGDSWSUHSURFHVVLQJWHFKQLTXHDQGWKHQIHDWXUHVDUHH[WUDFWHGDFFRUGLQJWRWKHSURSRVHG
DOJRULWKP7KHSURSRVHGDOJRULWKPLVWHVWHGRQGDWDEDVHVLQRUGHUWRHYDOXDWHWKHHIIHFWLYHQHVVRIWKHDOJRULWKPIRU
YDU\LQJSRVHLOOXPLQDWLRQDQGH[SUHVVLRQ7KHVDPSOHLPDJHVIURPHDFKGDWDEDVHDUHVKRZQLQ)LJ
$QLVRWURSLF
'LIIXVLRQ
*DERU
ILOWHU
$YJ5HFRJQLWLRQ5DWH

9 9 
9 8 
8 9 
8 8 
)LJ6XUIRI$QLVRWURSLFDOO\GLIIXVHGLPDJHDWGLIIHUHQWDQJOHV
)LJ6DPSOHLPDJHVIURPYDULRXVGDWDEDVHVD25/E&RORU
)(5(7F&URSSHG<DOH%G)(,
7DEOH6LJQLILFDQFHRI$'DQG*DERUILOWHURQ&RORU)(5(7
GDWDEDVH
\[Ȍ\I[\[J șIșI 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5.1. AD and Gabor filtering on ORL database 
25/GDWDEDVHFRPSULVHVRIGLVWLQFWVXEMHFWVHDFKVXEMHFWKDYLQJGLIIHUHQWLPDJHV7KHRULJLQDOVL]HRI
HDFK LPDJH LV î SL[HOV 7KH SUHSURFHVVLQJ LV GRQH XVLQJ D:LHQHU ILOWHU UHSUHVHQWHG LQ )LJ D DQG WKH
IHDWXUHVDUHH[WUDFWHGE\PDNLQJXVHRI$'DQG*DERUILOWHULQJDVLQ)LJ7KHSURSRVHGWHFKQLTXH\LHOGVD55RI
DSSUR[LPDWHO\
5.2. AD and Gabor filtering on Color FERET Database
&RORU )(5(7KDV D WRWDO RI  LPDJHV   7KH VPDOOHU YHUVLRQ RI WKLV GDWDEDVH KDV HDFK LPDJH RI VL]H
î 7KH H[WUDFWHG GDWDEDVH FRQVLVWV RI  VXEMHFWV HDFK VXEMHFW FRQWDLQLQJ  LPDJHV ZLWK YDU\LQJ SRVH
EDFNJURXQGHWF7KHSUHSURFHVVLQJFDUULHGRXWLVUHSUHVHQWHGLQWKHEORFNGLDJUDPRI)LJEZKHUHLQWKHLQWHQVLW\
RI WKH LPDJH LV LQFUHDVHG E\ DGGLQJ LW ZLWK LWVHOI DQG WKHQ D *DXVVLDQ ILOWHU LV FUHDWHG 7KH *DXVVLDQ ILOWHU LV
VXEWUDFWHGIURPWKHLPDJHFDOOHGXQVKDUSPDVNLQJWKHQWKHGLIIHUHQFHLVVXEWUDFWHGIURPWKHLPDJHLWVHOI7KH)(LV
FDUULHGRXWE\WKHSURSRVHGWHFKQLTXHDVLQ)LJ7KH&RORU)(5(7GDWDEDVH\LHOGVD55RI
5.3.  AD and Gabor filtering on Cropped Yale B Database 
7KH&URSSHG<DOH%GDWDEDVHEDVLFDOO\FRQVLVWVRIVXEMHFWVZLWKLPDJHVLQHDFKVXEMHFW7KHGDWDEDVH
ZDVPRGLILHGIRUVXEMHFWVZLWKLPDJHVLQHDFKVXEMHFW7KHSUHSURFHVVLQJIRU&URSSHG<DOHGDWDEDVHLV
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VDPHDV WKDWRI&RORU)(5(7H[FHSW WKDW*DPPD,QWHQVLW\&RUUHFWLRQZDVDGGHGZLWK  DVDQH[WUD VWHS
DIWHUFRQYHUWLQJWKHLPDJHWRW\SHGRXEOH7KLVLVUHSUHVHQWHGLQ)LJF7KHVDPHSURFHGXUHZDVFDUULHGRXWIRU
)(DQG6HOHFWLRQDVLQ)LJ$QDYHUDJH55RIZDVREWDLQHG
5.4. AD and Gabor filtering on FEI Database 
7KH)(,GDWDEDVHFRQVLVWVRILPDJHVIRUHDFKRILQGLYLGXDOVZLWKDWRWDORILPDJHVZKLFKDUHFRORUHG
 (DFKVXEMHFWFRQVLVWVRILPDJHVZLWKYDU\LQJSRVH)RURXUSXUSRVHUDQGRPLPDJHVZHUHFKRVHQIURPHDFK
VXEMHFWDQGKHQFHLPDJHV$VDSDUWRISUHSURFHVVLQJWKHLPDJHVZHUHILUVWFRQYHUWHGWRJUD\VFDOHDQGWKHQ
KLVWRJUDPHTXDOL]HGZKLFKZHUHWKHQPHGLDQILOWHUHGDQGJDPPDLQWHQVLW\FRUUHFWLRQZDVFDUULHGRXWDVLQ)LJG
)HDWXUH([WUDFWLRQZDVFDUULHGDFFRUGLQJWRWKHSURSRVHGDOJRULWKPDVVKRZQLQ)LJ7RNQRZWKHHIIHFWRI$'
DQG*DERUILOWHURQ)(,GDWDEDVHH[SHULPHQWZDVFDUULHGRXWLQWKHSUHVHQFHDQGDEVHQFHRI$'DQG*DERUILOWHU
7KHUHVXOWVDUHWDEXODWHGLQ7DEOH
)LJD2ULJLQDOLPDJHE)OLSSHGLPDJHF$GGLWLRQRI2ULJLQDO
LPDJHZLWKIOLSSHGLPDJHG:LHQHUILOWHUHGLPDJHH$'LPDJHI
':7LPDJHJPHGLDQILOWHUHGLPDJHK'&7LPDJHLVKDUSHQHG
LPDJHM*DERUILOWHUHGLPDJHIRU25/GDWDEDVH 
)LJ  D 2ULJLQDO LPDJH E *UD\ VFDOH LPDJH F ,OOXPLQDWHG
LPDJHG*DXVVLDQLPDJHH,PDJHILOWHUHGIURP*DXVVLDQLPDJH
I ,PDJH H VXEWUDFWHG IURP LPDJH F J $' LPDJH K ':7
LPDJH L:LHQHU ILOWHUHG LPDJH M'&7 LPDJH N*DERU ILOWHUHG
LPDJHIRU&RORU)(5(7GDWDEDVH 
)LJ D2ULJLQDO LPDJH E*DPPD,QWHQVLW\FRUUHFWHG LPDJH
F,OOXPLQDWHGLPDJHG*DXVVLDQLPDJHH,PDJHILOWHUHGIURP
*DXVVLDQLPDJHI$'LPDJHJ':7LPDJHK:LHQHUILOWHUHG
LPDJHL'&7LPDJHM*DERUILOWHUHGLPDJHIRU&URSSHG<DOH%
GDWDEDVH 
)LJD2ULJLQDOLPDJHE*UD\VFDOHLPDJHF)OLSSHGLPDJHG
$GGLWLRQ RI 2ULJLQDO LPDJH ZLWK IOLSSHG LPDJH H :LHQHU ILOWHUHG
LPDJH I$' LPDJH J':7 LPDJH KPHGLDQ ILOWHUHG LPDJH L
'&7 LPDJH M VKDUSHQHG LPDJH N *DERU ILOWHUHG LPDJH IRU )(,
GDWDEDVH
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([SHULPHQWDO2EVHUYDWLRQV

7KH H[SHULPHQWDO REVHUYDWLRQV LQ 7DEOH  IRU GLIIHUHQW FRPELQDWLRQV RI WKH PHQWLRQHG WHFKQLTXHV RQ 25/
GDWDEDVHSURYHWKDWRQO\':7RU'&7JLYHVORZ55+RZHYHUZKHQFRPELQHGZLWK$'DQG*DERUILOWHULQJ\LHOGV
DYHU\JRRG55)LJLVDJUDSKUHSUHVHQWLQJWKHLPSURYHPHQWLQ55ZLWK1RRIWUDLQLQJLPDJHVDQGZLWKWKH
XVH RI$' DQG*DERU ILOWHU ,W FDQEH LQIHUUHG IURP WKH JUDSK WKDW WKH55 LQFUHDVHVZLWK LQFUHDVH LQ QXPEHU RI
WUDLQLQJ LPDJHV LQHDFKVXEMHFW%\GRLQJVR WKHV\VWHPLVPDGHPRUH LQWHOOLJHQW$V WKHSUREDELOLW\RID WHVWLQJ
LPDJHEHLQJSUHVHQW LQ WKH WUDLQLQJVHW LQFUHDVHVFRQVHTXHQWLDOO\ WKHUHFRJQLWLRQRI WKH LPDJHE\ WKHV\VWHPDOVR
EHFRPHVPRUH SUREDEOH WKXV \LHOGLQJ KLJK55 )LJ  GHSLFWV WKH JUDSKLFDO UHSUHVHQWDWLRQ RI WKH H[SHULPHQWDO
UHVXOWVIRU25/&RORU)(5(7&URSSHG<DOH%DQG)(,GDWDEDVHUHVSHFWLYHO\
7DEOH([SHULPHQWDOUHVXOWVIRU)(,GDWDEDVH7DEOH([SHULPHQWDOUHVXOWVIRU25/GDWDEDVH
)5$OJRULWKPIRU)(,
WUDLQLQJWHVWLQJVHWUDWLR 
$YJ55

:LWK$'*DERU¿OWHUDQG3UHSURFHVVLQJ 
:LWKRXW$' 
:LWKRXW*DERU¿OWHU 
:LWKRXW$'DQG*DERU¿OWHU 
:LWKRXW3UHSURFHVVLQJ  
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)5$OJRULWKPIRU25/
WUDLQLQJWHVWLQJVHWUDWLR 
$YJ
55
:LWKRXW':7 
:LWKRXW'&7 
:LWKRXW':7DQG'&7 
:LWKRXW$'DQG*DERU¿OWHU 
)LJ*UDSKLFDOUHSUHVHQWDWLRQLOOXVWUDWLQJWKHH[SHULPHQWDOUHVXOWVIRUYDULRXV7UDLQLQJ7HVWLQJUDWLRVD25/E&RORU)(5(7F&URSSHG
<DOH%DQGG)(,GDWDEDVH
7DEOH([SHULPHQWDO5HVXOWVIRUGLIIHUHQWWUDLQLQJWHVWLQJUDWLRVIRUDOOWKH
GDWDEDVHV
7DEOH([SHULPHQWDO5HVXOWVIRUGLIIHUHQWWUDLQLQJWHVWLQJUDWLRVIRU
25/DQG&RORU)(5(7GDWDEDVHV
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&RQFOXVLRQV

8QLTXHPHWKRGV IRU 3UHSURFHVVLQJ DQG )HDWXUH ([WUDFWLRQ QDPHO\Anisotropic Diffusion based Pre-Processing
DQGGabor filter based feature extractionKDYHEHHQSURSRVHGLQWKLVSDSHUDQGLPSOHPHQWHGRQ0$7/$%,WFDQ
EHLQIHUUHGIURP7DEOHWKDWKLJKUHFRJQLWLRQUDWHVDQGUHGXFHGIHDWXUHVXEVHWVKDYHEHHQREWDLQHGE\XVLQJRQO\
GLVFULPLQDQWIHDWXUHVZKLFKFRQWULEXWHWRZDUGVUHFRJQLWLRQ7KHUHVXOWVREWDLQHGRQDSSO\LQJWKHSURSRVHGPHWKRG
WR IRXU IDFH GDWDEDVHV WKDW KDYH YDULDWLRQV LQ SRVH &RORU )(5(7 )(, LOOXPLQDWLRQ &URSSHG <DOH % DQG
H[SUHVVLRQ25/7DEOHVDQGLOOXVWUDWHWKHUREXVWQHVVRIWKHV\VWHP$IWHU%362WKHUHGXFWLRQLQWKH
QXPEHURIIHDWXUHVXVHGIRUFODVVLILFDWLRQGHFUHDVHVWHVWLQJWLPHVLPSURYLQJWKHVSHHGRIWKH)5V\VWHP2QD3&
ZLWK,QWHOFRUHL*+]&38DQG*%5$0WKHSURSRVHGWHFKQLTXHFRVWVDQDYHUDJHWHVWLQJWLPHRIPVSHU
LPDJH IRU&RORU)(5(7GDWDEDVHFRQVLGHULQJDOOSRVHVZLWK WUDLQLQJWRWHVWLQJ UDWLR7KLVPD\ VWLOO EHD
OLPLWDWLRQRIWKHSURSRVHGPHWKRGIRUUHDOWLPHDSSOLFDWLRQV+HQFHDIXWXUHUHVHDUFKLVVXHFRXOGEHWRGHYHORSIDVW
FRPSXWDWLRQDOPHWKRGV
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